Should Billy and Thelma plant Bt corn?
Thelma and Billy did meet with other local farmers. Many had questions about Bt corn and transgenic plants. One of the retired farmers, Mr. Rawley, has been working as a substitute teacher at the local high school and has many questions about the biology involved in making transgenic plants. The farmers called the local university agricultural extension service and asked for some unbiased help with their questions. That's where you come into the story. You are going to respond to the questions from the farmers and from Mr. Rawley. The goal is to use knowledge of basic genetics, biotechnology and genetic engineering to construct clear responses to help the farmers to understand what Bt corn is and to make a decision about whether planting Bt corn would serve their purposes.
Farmer's Dilemma Part 1 1a. Mr. Rawley has no faith in the production of transgenic plants. He is convinced that this technology cannot work. "How can you get a plant to make a bacterial protein? Bacterial DNA is different from eukaryotic DNA. For example, look at these pictures from my biology text book," he says as he puts up a transparency on the overhead projector. "Obviously the bacterial DNA is different from the eukaryotic DNA. Oh my labels seem to have gotten smudged!" Smudged indeed! Unaccustomed to public speaking (in front of adults), Mr. Rawley is perspiring profusely, and his sweaty palms smeared the labels on his diagrams. Mr. Rawley goes on, "I just can't understand how a piece of bacterial DNA can become a permanent part of a corn cell. The DNA replication machinery of a plant cell won't replicate bacterial DNA... it is foreign! It is from another kingdom of life for gosh sakes! And another thing, there is no way that the transcription and translation machinery of a corn cell are going to generate a protein product by following instructions provided by a bacterial gene! I can smell a boondoggle from a mile away, and I'm telling you that this whole idea has major problems. It just can't work!! Sounds like a big waste of money to me." You think to yourself. "Hmmm, does Mr. Rawley have a point? Are there problems with the technology? How can a gene from Bacillus thuringiensis become a stable part of the corn genome? Even if it does, how can the information in this bacterial gene direct production of a protein in a plant cell?"
Review the basic structure of bacterial DNA and eukaryotic DNA at the molecular level. Review the mechanism by which each type of DNA is replicated. Prepare a statement for Mr. Rawley that addresses these two questions:
1b. Is the structure of DNA and replication of the DNA basically the same or basically different in bacteria and eukaryotes? Would a plant be able to replicate Bacterial DNA that was inserted in to the plant genome?
1c. Review the basic process of transcription in bacteria and in eukaryotes. Prepare a statement for Mr. Rawley that addresses the basic molecular process of transcription. Note if the process in bacteria is basically the same or basically different in eukaryotes.
Part 2
Mr. Rawley is not convinced that bacterial DNA will be expressed in a eukaryotic cell. "I want to see the gene! I want you to show me that the gene will code for a protein in a eukaryotic cell."
Ok, you think. I will show him the gene and walk him through the central dogma. The flow of information from DNA to RNA to protein is universal. This would be good for everyone in the room to understand. You ask a student helper to get the gene sequence from the National Center for Biotechnology Information site and prepare a set of slides for you to show how the gene will be transcribed to make a protein.
Here is the sequence that you show:
1 agtaaaatta gttgcacttt gtgcattttt tcataagatg agtcatatgt tttaaattgt 61 agtaatgaaa aacagtatta tatcataatg aattggtatc ttaataaaag agatggaggt 121 aacttATGga taacaatccg aacatcaatg aatgaattcc ttataattgt ttaagtaacc 181 ctgaagtaga agtattaggt ggagaaagaa tagaaactgg ttacacccca atcgatattt 241 ccttgtcgct aacgcaattt cttttgagtg aatttgttcc cggtgctgga tttgtgttag ....... 3601 gagaaacgga aggaacattt atcgtggaca gcgtggaatt actccttatg gaggaatag You decide to give the audience cards with all the codons. You decide that as you go through the sequence, each person will bring their codon card to the front of the room and you will show how the codon cards will be translated to amino acids. This will be great, you think! You begin reading the sequence at nucleotide #126 where GenBank has indicated as the first nucleotide of the start codon (ATG). As you are underlining the sets of three nucleotides and discussing how each corresponds to a codon in the mRNA and an amino acid in the protein, you read ahead and notice that your student helper must have made a mistake! The case is delivered in 4 parts: the initial story, and three story parts with questions. We generally teach the case over a three week period. This allows students time for lectures, labs and reading assignments that will address concepts of bacterial genetics that complement the case and for students to research responses to case questions.
Case Delivery: Week 1: a. Distribute the Initial story for students to read. b. Discuss major points of the story in the following class period.
Week 2: a. Release Part 1 to the students, ask students to read, research and develop responses to the questions associated with each part of the case and respond by submitting their answers to the case study questions online (e.g., We use SurveyMonkey, but any online survey system would work). Students are directed to print and save their responses so that they can bring them to class and share with their classmates. Due dates are one week after releasing the questions. b. The Instructor reviews online responses and prepares for discussion of the case during the next class period. c. During the class period the instructor directs an in class discussion on the case questions using a think-pair-share approach, supplemented with clicker questions. Special attention in developing the clicker questions is given to student misconceptions that were revealed when reviewing student answers. Students are encouraged to share in discussion, and update/modify/correct answers in preparation for exams. This discussion time varies, but can be generally accomplished in 20 minutes. Introduction of the case: 1. Students are asked to read the initial story prior to attending lecture. 2. For background information refer students to the American Academy of Microbiology Report "100 Years of Bacillus thuringiensis: A Critical Scientific Assessment" http://academy.asm.org/index.php/food-microbiology/417-100-years-of-bacillus-thuringiensis-acritical-scientific-assessment as a primary reference for background information. 3. During lecture, recap the information provided in the case. At the end of the PowerPoint presentation, ask students to turn to neighbors and contemplate the following questions  Why is the use of transgenic plants important to study?  What are the broader implications of this technology?  What are some important questions you need to address before talking to Billy and Thelma?
We allow approximately 5 minutes for students to exchange ideas while the instructors circulate around the lecture hall to monitor conversations and stimulate discussion when needed. We then asked various groups of students to provide a list of questions they thought were important. These were written on the board and shared with the class through an instructor-directed discussion.
Continuing Story and 3 Parts of the Case Study:
The case has three Parts. Each has three associated questions. For each question, example student answers are provided. These answers were chosen for their completeness, correctness and proper use of language. Actual student responses ranged in presentation and creativity.
Part 1: Learning Outcomes:
At the end of Part One, the student will be able to:  Describe a chromosome.  Differentiate between a bacterial chromosome and a eukaryotic chromosome.  Discriminate the difference between the molecular structure of DNA and the characteristics of a chromosome.
Points to Address in Discussion:
When reviewing student online answers prior to class, faculty noted the following common misconceptions:  Students believed that the difference in chromosomal structure affected the basic mechanism in DNA replication. Some did not expect that a piece of bacterial DNA would be replicated appropriately when inserted into plant DNA.  Students confused the signals used to indicate start/stop for translation, transcription, DNA replication. They were not able to talk about the processes independently. For example, many students had problems distinguishing between translational start sites (start codons), transcriptional initiation sties, and start sites for DNA replication (ori's), indicating that DNA replication began at the promoter sequence and/or that transcription initiated at the (translational) start codon.
In-class discussion question to target some of the misconceptions revealed in online answers:
What is the role of a promoter? Students were allowed time to think about this and to discuss their ideas in small groups in class. Students were then asked to share their thoughts. We followed the discussion with PowerPoint slides showing how a RNA polymerase interacts with a promoter sequence. We highlighted the role of the promoter in transcription and the role of the origin sequence in DNA replication. 
Points to Address in Discussion:
 Point mutation vs. a substitution as terms for types of mutations  Nonsense, silent, missense as types of mutation  Effect of a mutation on the protein. In this case this occurs from a mistake in a drawing. Therefore students should not describe the mistake as a result of spontaneous mutation tautermeric shifts, mutagens, replications, etc.  How is the + strand indicated?  How does wobble effect the type of mutation?
Not all third bases wobble.  Where does transcription begin? At the start codon or at base 1 in the gene sequence?  + strand vs. minus strand Severely truncated proteins rarely work Discussion Question: Show a power point slide of the two DNA sequences from the case: the student written sequence vs. NCBI sequence. Ask students if everyone was able to find the sequence in the NCBI site. Then ask students to identify where they would begin to read the codons (turning to their neighbor to discuss). Then, referring to the sequences, compare the student written sequence to the NCBI sequence. There is a difference of one base. Ask students to discuss with their neighbor what effect would this change have on the production of protein from this gene.
Use clicker questions to poll student's responses to the following questions. Discuss each response option.
After showing the DNA sequence from the question, ask: 2c. How is the protein product of this DNA different from the Bt toxin that would be made if the gene did not have a mutation? Make a prediction as to the functionality of this protein compared to Bt toxin. 
Part 3 Learning Outcomes:
At the end of Part Three, the student will be able to  Explain the role of promoters.  Explain the need for different promoters for different organisms.  Explain the need for origins of replication in a plasmid.
 Explain that vectors are "engineered" for a given purpose and that each gene has a given role.  Recognize that the presence of introns in eukaryotic genes provides challenges to genetic engineering.  Describe the use of mRNA and reverse transcriptase to make cDNA  Explain the need to provide bacterial promoters and ribosome recognition sites for expression of eukaryotic genes in bacterial host cells.  Provide examples of naturally occurring transfer mechanisms in bacteria.  Describe the use of a modified Ti plasmid from Agrobacterium for DNA transfer.  Explain the role of T DNA in transformation of plant cells by Agrobacterium.
Points to Address in Discussion:
 Origins of replication and promoters are two different things.  Promoter has nothing to do with replication.  The role of T DNA in an engineered plasmid.  mRNA cannot be cloned directly.  Introns are part of genes, not in between genes  Intron removal is best done in situ.  Bacterial promoter-and ribosome recognition site-must be provided for expression of gene in bacteria.  E. coli cannot be used to transfer DNA to plant cells. Trans-kingdom horizontal DNA transfer is a very rare ability.
Discussion Question:
Show a Power point of the vector that was described in the question. Ask students to discuss the role of each part.
Ask: If the Spec R gene had a eukaryotic promoter, would it be expressed by the transgenic plant?
Show the Power point of the transformation process and ask: a. During which step of the diagram would DNA ligase be used (1, 2, 3, 4, 5, or 
